The purpose of this study was to examine the distribution of two distinct follicle-stimulating hormone receptor (FSHR) variants, Asn680Ser and Thr307Ala, in 
Introduction. Follicle stimulation hormone (FSH) is one of the pituitary glycoproteins which are essential for the normal gonadal function. It coordinates and regulates gonadal growth, differentiation, endocrine function and gametogenesis in both sexes [1, 2] .
The effects of FSH are mediated through the binding to a specific cell surface receptor, FSHR. FSHR belongs to the large family of G-protein-coupled receptors, which span the plasma membrane seven times and transduce the biological action of FSH, using cyclic AMP (cAMP) as the main intracellular secondary messenger [3] . The FSHR gene contains a single large exon, which encodes the transmembrane and intracellular domains, and nine smaller exons which encode the extracellular domain [4] .
Theoretically mutations in the FSH receptor might lead to an impaired signal transduction and thereby to a diminished ovarian reserve. The first inactivating mutation of the FSH receptor was described in 1995 in some Finnish families with primary ovarian failure, the so-called pure gonadal dysgenesis [5] . Since this mutation was relatively frequent in the Finnish population, it was originally thought that FSH receptor mutations in general could constitute a common defect in ovulation failure and amenorrhea. An `ad hoc' assay for the rapid detection of mutations was developed based on the hybridization of a labelled probe, but the successive application of such an assay to DNA samples obtained from subjects of different ethnic origin revealed a selective enrichment of the mutation only in the Finnish population, while it turned out to be extremely rare in other ethnic groups [6] . It was also clear that mutations must occur in homozygous or compound heterozygous states in order to produce a reproductive phenotype [4] . A sporadic heterozygous Val241Ala mutation found in one infertile male did not impair the receptor function in vitro [7] and it was judged not to be responsible for the phenotype. After the description of a few other mutations occurring spontaneously in sporadic cases of primary or early secondary amenorrhea [8] , the FSH receptor mutations are commonly considered as a very rare cause of infertility.
Only one naturally occurring activating mutation of the FSH receptor has been reported in a hypophysectomized male who had normal spermatogenesis under testosterone substitution in spite of undetectable serum gonadotrophin levels [9] . No activating mutations of FSH receptor in the presence of normal pituitary function have been reported, suggesting that such mutations might not result in any phenotype if the pituitary gonadal axis is otherwise normal [10] .
The experience of the last decade has clearly shown that mutations of the FSH receptor are very rare. This finding is consistent with the indispensable role of FSH in human reproduction, so that mutations abolishing gonadotrophin activity are self-eliminating. However, the screening of several hundreds of patients and controls world-wide led to the discovery of single nucleotide polymorphisms (SNPs) in the FSH receptor gene and to the subsequent study of the correlation between polymorphisms and gonadal function.
Today two SNPs, originally described by Aittomaki et al., are well known [5] . These two non-synonymous SNPs with frequencies of > 30 % in the normal population have been identified in the coding region of exon 10 of the FSH receptor gene. The first is located at position 919 (numbering according to the translational start codon with ATG as 1 in which A is substituted by G, changing codon 307 from threonine (ACT) to alanine (GCT)).
The second one is located at nucleotide position 2039 in which G is replaced by A. This leads to an amino acid change at position 680 from serine (AGT) to asparagine (AAT) [5] .
The purpose of this study is to examine the distribution of two distinct FSHR gene variants, Asn680Ser and Thr307Ala, in normaly ovulated females from Ukraine.
Materials and Methods. Subjects. SNPs analysis of the FSH receptor gene was performed in 130 individuals from Ukraine after informed consent.
DNA isolation. DNA was extracted from the peripheral blood leukocytes by standard phenol-chloroform extraction method [11] .
PCR analysis. To analyze the FSHR transition G to A in position 2039 (Asn680Ser variant), polymerase chain reaction (PCR) amplification of the fragment of exon 10 was performed using specific oligonucleotide primers, as described elsewhere [12] . For the FSHR transition A to G in position 919 (Thr307Ala variant), PCR amplification of the exon 10 fragment was performed in one step with specific oligonucleotide primers, which were used in the second step of nested PCR, described by Sudo et al. [13] .
The PCR reaction was performed in a final volume of 25 ml containing 1 ´ PCR buffer, 1,5 mM MgCl 2 RFLP analysis of the Asn680Ser and Thr307Ala variants. The G to A transition in Asn680Ser variant creates a restriction site for endonuclease BseN1I. For the Thr307Ala variant a mismatch nucleotide has been introduced in one of the primers (13) . This mismatch and the A to G transition creates an Eco81I restriction site.
The PCR products of exon 10 were digested with BseN1I for Asn680Ser variant and Eco81I for Thr307Ala variant. Digestion was performed in 15 ml reaction volume containing 1 X reaction buffer, 0,5 units of the restriction enzyme and 10 ml of purified PCR product, incubated at 60 o C for 2 hours for Asn680Ser variant and 37 o C overnight for Thr307Ala variant. Restriction endonuclease digestion products with marker were visualized in 2.0 % agarose gel and photographed.
Statistical analysis was performed by c 2 test, Fisher's exact test, likelihood-ratio test and Expectation-Maximization (EM) algorithm using GENEPOP [14] and ARLEQUIN [15] packages; p < 0.05 was considered as significant.
Results and Discussion. Based on the RFLP analysis of Asn680Ser variant, patients were classified into three groups: NN (680Asn/Asn), NS (680Asn/Ser) and SS (680Ser/Ser). Three different patterns could be observed for Asn680Ser variant: a 520 bp band (for 680 Asn/Asn), a 520 bp and a 413 bp bands (for 680 Asn/Ser), and a 413 bp band (for 680 Ser/Ser) (Fig. 1) . The following genotypes distribution has been detected: NN (33.1 %), NS (52.3 %), SS (14.6 %).
The presence of three different patterns was also observed for Thr307Ala variant: a 364 bp band (for 307 Thr/Thr), a 364 bp and a 328 bp bands (for 307 Thr/Ala) and a 328 bp band (for 307 Ala/Ala) (Fig. 2) . The small 36 bp band has run out from the gel. Based on this RFLP analysis of Thr307Ala variant, patients were classified into three groups namely, TT (307Thr/Thr), TA (307Thr/Ala) and AA (307Ala/Ala).
The following distribution of genotypes has been detected: TT (33.1 %), TA (55.4 %), AA (11.5 %).
The observed genotype distributions showed no deviations from Hardy-Weinberg expectations. The strong linkage disequilibrium between FSHR307 and FSHR680 loci studied by likelihood-ratio test was revealed in the investigated group (p < 0.0001).
Concerning two Asn680Ser and Thr307Ala polymorphic variants in exon 10 we may unite them in four possible allelic combinations, i. e. Thr307-Asn680 (allele TN), Ala307-Ser680 (allele AS), Ala307-Asn680 (allele AN) and Thr307-Ser680 (allele TS). We calculated maximum likelihood allele frequencies using EM algorithm for two loci (data shown in Table) .
The distribution of several allelic variants of the FSHR gene has been described in different populations [12, 13, 16] . The analyses of FSHR variants Thr307-Asn680 (TN) and Ala307-Ser680 (AS) have demonstrated that alleles TN and AS are very common (55.1 % and 35.1 %),while the alleles AN and TS are found in Ukrainian population only in 5.7 % and 4.1 % correspondently.
Several studies were aimed to find correlation between the frequency distribution of FSH receptor polymorphisms and ovarian function [17] [18] [19] [20] . The studies based on large number of patients identified a 320 LIVSHYTS G. B. ET AL. significant correlation between the heterozygous TN/AS genotype and polycystic ovaries (PCO) (see [18] ) and between the homozygous Ser at position 680 and type II amenorrhea (according to WHO classification). Moreover, the identification of FSHR allelic variants inspired the investigation of their potential role as predictors of the ovarian response to an exogenous stimulation protocol [12] . However, in the work of Laven et al. the ovarian response after the induction of ovulation was shown to be similar for all genotypes [21] . Such contradiction may be connected to a possibly different biological meaning of Asn680Ser and Thr307Ala polymorphisms. In this study we analyzed the genotype distribution in normaly ovulated group. The observed genotype distribution in the analyzed group from Ukraine showed no deviations from Hardy-Weinberg expectations. It seems to evidence that there is no selection against any genotype in the analyzed group of normaly ovulated females. The population data, obtained here, will be used as controls for further study on the association of the FSHR variants with ovarian dysfunction and individual susceptibility to FSH-stimulation to clarify a possible functional role of Asn680Ser and Thr307Ala polymorphisms. [19, 20] 
